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Objectives: Limited evidence is available regarding the association between prenatal job strain and infant
neurodevelopment. Most studies used stress indicators other than job strain to explain the relationship between
prenatal maternal stress and child development. The objective of this study was to investigate the association
between maternal job strain during pregnancy and neurodevelopment in infancy.
Methods: Mothers and Children’s Environmental Health (MOCEH) study, an on-going prospective birth cohort
study, has been conducted in South Korea since 2006. Job strain during pregnancy was measured using Korean
version of Job Content Questionnaire (JCQ). Infant neurodevelopment was assessed using Korean Bayley Scale
of Infant Development II (K-BSID-II) at 6 and 12 months of age. A total of 343 mother-child pairs that completed
JCQ and K-BSID-II more than once were included. Mental Developmental Index (MDI) and Psychomotor Developmental
Index (PDI) defined in the K-BSID-II were used as outcome variables.
Results: Compared to infants from mothers with low job strain, significant (p < 0.05) decreases in PDI were found in
infants from mothers with active and passive job at 6 months of age. After stratification by infant sex, boys in the high
strain group had a lower MDI score than boys in the low job strain group at 12 months. On the other hand, girls in the
high strain and active groups had higher MDI scores than girls in the low job strain group at 12 months. PDI at
12 months also showed different results by sex. Boys in the high strain and passive job groups had lower PDI scores than
boys in the low job strain group. However, such difference was not observed in girls.
Conclusions: The findings of this study suggest that prenatal job strain affects infant neurodevelopment in a
gender-dependent manner.
Keywords: Cognition, Job strain, Infant neurodevelopment, Prenatal psychosocial stressIntroduction
Traditionally, it is thought that a pregnant woman’s emotion
and nutrition would influence fetal development. Therefore,
good physical and psychosocial environment during preg-
nancy is required for optimal prenatal care [1]. Scientific evi-
dence indicates that fetal environment is related to health
during childhood and adulthood. Cardiovascular diseases
and birth outcomes have been reported to be influenced by
fetal programming [2-4].* Correspondence: eunheeha@ewha.ac.kr
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unless otherwise stated.One of the remarkable differences between pregnant
Korean women in the present compared to them in the
past might be that more women spend their pregnancy
at work. The labor force participation rate of Korean
women in their twenties and thirties has been increasing.
In 2000, the rate of working Korean women was 54.9%
for those in their twenties and 52.5% for those in their
thirties. In 2013, these rates were increased to 62.0% and
57.0%, respectively. Since 2012, the labor force participa-
tion rate among women in their twenties has been
higher than that in men [5]. Therefore, the number of
women who work during pregnancy might have alsois is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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women during pregnancy, interest in the effects of one’s
job environment and job strain during pregnancy on the
health of the offspring is growing [6]. Considering that
average annual working hours in Korea (2163 in 2013) are
much higher than the working hours in other OECD
countries (1770, average hours in 2013) and that Korea
ranks the second among OECD countries [7], job strain
would be one of the main psychosocial stress factors in
working women during pregnancy in Korea.
As the number of women who continue to work dur-
ing pregnancy increase, some researchers have suggested
that work stressor might adversely affect the offspring.
Most studies have described the possible impact of mother
job strain during pregnancy on their offspring in associ-
ation with adverse birth outcomes, such as preterm deliv-
ery and low birth weight [8,9]. A Korean research study in
2011 reported that 39% of Korean women doctors an-
swered that they had experienced adverse reproductive
problems such as pregnancy complications, abortions, and
infertility associated with stress at work [10]. In our previ-
ous studies, we also found a possible association between
high job strain in pregnancy and low birth weight [6].
Epidemiologic research studies regarding prenatal ma-
ternal stress using general stress indicators (such as anx-
iety, depression, life events experienced, pregnancy-specific
stress, and physiological indicators such as cortisol
level) have detected a similar association between high
levels of prenatal maternal stress and adverse birth
outcomes, such as low birth weight [11-13] and pre-
term delivery [12,14-16].
Although occupational stress during pregnancy has
been suggested as a potential contributor to adverse
birth outcomes, limited studies have investigated the
possible effect of prenatal work stressor on offspring’s fur-
ther development and health. A birth cohort in Denmark
suggested an association between maternal exposure to
high strain with active jobs during pregnancy and asthma
and atopic dermatitis in 7-year-old children [17].
Similar to birth outcomes, some researchers have stud-
ied the impact of maternal stress during pregnancy on
children’s neurodevelopment, behavioral and emotional
changes in children using general stress indicators or
biologic response to stress [18-28]. However, evidence
on the association between maternal working environ-
ment during pregnancy and infant neurodevelopment is
sparse. Therefore, the objective of this study was to in-
vestigate the association between maternal job strain
during pregnancy and infant neurodevelopment.
Materials and methods
Study design and participants
The present study represented part of the MOCEH
(Mothers and Children’s Environmental Health) Study, amultiregional prospective birth cohort study conducted
in South Korea. The study was established in 2006 to
identify environmental factors that might affect the
health statuses of mothers and children. The aim and
structure of the MOCEH study have been described pre-
viously [29]. The regional centers involved in the study
were located in Seoul, Cheonan, and Ulsan. Pregnant
women residing in these cities over age of 18 were en-
rolled in their first trimester. All study participants pro-
vided written informed consent beforehand. This study
was approved by the Institutional Review Boards of
Ewha Womans University, Dankook University Hospital,
and Ulsan University Hospital.
Between 2006 and 2010, 1,441 mothers of 1,751 mothers
of singletons were enrolled in the MOCEH study. They
responded to a questionnaire including question ‘Do you
have a job now?’ in early or mid-pregnancy. Of these, 537
mothers answered that they had a job, including 496 who
completed a questionnaire on job strain. A total of 373
infants of 496 mother-child pairs completed neurodeve-
lopmental test once or twice when infants had reached
the ages of 6 (6.5 ± 0.7) months and 12 (12.6 ± 0.9)
months. Children with low birth weight (<2500 g) or with
a preterm birth (gestational age of < 37 weeks) were ex-
cluded (n = 16). We also excluded mother-child pairs with
missing data (n = 14). Ultimately, 343 pairs were included
in the final analysis. Their average age was 30.1 years old.
The percentage of male infants was 51.0%. Average birth
weight was 3.33 kg. The average gestational age was
39.2 weeks. For reference, the average age of mothers in
2007 in South Korea was 30.6 years old. The average birth
weight was 3.24 kg. The percentage of male infants was
51.5%. A total of 66.7% of babies were born at more than
39 gestational weeks while 5.2% of babies were born under
37 gestational weeks [30]. The average birth weight in this
study was higher than the average level in Korea. This is
probably due to the exclusion criteria of low birth weight
used in this study.
Neurodevelopment test
Infant neurodevelopment was assessed using the Korean
version of the Bayley Scale of Infant Development II
(K-BSID-II) [31], a standardized tool to assess toddler
and infant development [32]. The Mental Developmental
Index (MDI) and Psychomotor Developmental Index
(PDI), composite scores of developmental performance of
infants at different ages, were obtained from the K-BSID-II
to compare performance distributions with the general
population. They were used as independent variables. MDI
and PDI were treated as continuous variables in a general
linear model (GLM) and as dichotomous variables in a lo-
gistic regression model classified as at-risk/delayed (<85) or
normal/above normal (≥85) [32]. As previously described
[33], testing was conducted by trained examiners at each
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rater training sessions and evaluation of the examinations
by video monitoring were conducted annually.Measurement of job strain
Job strain was measured using the Korean version of the Job
Content Questionnaire (JCQ). JCQ is a self-administered
questionnaire for psychosocial job assessment based
on the demand-control model devised by Karasek [34].
The demand-control model is a well-known method
used to measure the social and psychological situation
at work. Combining job demand and control results,
this model estimates the different level of stress related
to work. The psychological job demands (job demand)
subscale consisted of 5 four-point scale items. The psy-
chological job decision latitude (job control) consisted
of 9 four-point scale items in the JCQ format in this
study. The calculation of the job demand and control
scales was based on the “JCQ User’s Guide” [35]. Physical
job demands were measured using a single four-point
scale items. Based on the answers of scale items, we calcu-
lated job demand and job control scale scores at their me-
dian values of our study and divided our subjects into the
following four groups: low job strain group (low job de-
mand and high job control), high job strain group (high
job demand and low job control), active job group (high
job demand and high job control), and passive job group
(low job demand and low job control). We treated the low
job strain group as a reference group and compared their
children’s neurodevelopment indices with the other three
groups that had higher job strain.Statistical analysis
Analysis of variance (ANOVA) was used to compare dif-
ferences between the characteristics of study subjects. A
linear regression model was used to explore the associ-
ation between JCQ subscale scores (skill discretion, deci-
sion authority, decision latitude, psychological demands,
physical demands) and MDI/PDI values. Differences be-
tween group neurodevelopment scores and developmen-
tal delays were analyzed using the general linear model
(GLM) and logistic regression model, respectively.
Potential confounders related to child neurodevelop-
ment were identified through literature search. The con-
founders were sociodemographic information such as
maternal age, maternal education, and family income.
They were collected from questionnaires completed at
the first visit. Birth outcomes including birth weight, sex,
and gestational age were obtained from medical records
at birth. SAS (version 9.3; SAS Institute Inc. Cary, NC)
was used for statistical analysis. All p-values were two-tailed.
Statistical significance was considered when p value was less
than 0.05.Results
The characteristics of participants by infant neurodeve-
lopment indices at 6 and 12 months of age are summa-
rized in Table 1. Infants of older women (>30 years) had
lower neurodevelopment scores (MDI and PDI: p < 0.1)
at 6 months. Boys had lower neurodevelopment scores
than girls at 6 months (MDI: p < 0.1; PDI: p < 0.01).
Characteristics of participants by maternal JCQ indices
are provided in Table 2. Dichotomizing by median index
levels, mothers in higher decision latitude group were
older, had more education, and had a higher family in-
come than mothers in the lower decision latitude group.
The average birth weight was higher in the higher lati-
tude group than that in the lower latitude group. In the
lower physical job demand group, the average birth
weight and gestational age were higher than in the
higher physical job demand group.
The relationships between the JCQ indices of mothers
and neurodevelopmental indices at 6 and 12 months
were determined using a linear regression model. No
significant association was found (Table 3). Comparing
the four job strain groups by MDI and PDI at 6 and
12 months using a general linear model (GLM), PDI at
6 months was significantly lower in the active job (β=−6.72,
p= 0.001) and passive job (β=−7.86, p < 0.001) groups than
in the reference low job strain group (mean: 102.0; 95% CI:
98.5 -105.5) (Tables 4 and 5). No association was found be-
tween maternal job strain and MDI at 6 or 12 months.
After putting the interaction term ‘infant sex and ma-
ternal job strain groups’ in the GLM analysis, a signifi-
cant interaction was found between maternal job strain
and MDI at 12 months (high strain group: p = 0.003; ac-
tive job group: p = 0.004). To explore gender effects, we
additionally described the results of stratified analysis by
infants’ sex (Tables 4 and 5). Although no association
was found between job strain and MDI at 6 or 12 months
without stratification, boys in the high strain group
(β = −9.46, p = 0.03) had lower MDI scores than boys
in the reference group at 12 months. On the other
hand, girls in high strain (β = 8.25, p = 0.04) and active
job (β = 8.74, p = 0.03) groups had higher MDI scores
than girls in the reference group at 12 months.
At 6 months in boys and girls, PDI values were similar
to the results before the stratification. PDI at 6 months
was lower in the active job group (boys β = −7.53, p = 0.01;
girls β = −6.01, p = 0.04) and in the passive job group (boys
β = −9.48, p = 0.008; girls β = −6.23, p = 0.04) than that in
the reference group. However, PDI at 12 months showed
different results by sex. In boys, the high strain (β = −9.18,
p = 0.04) and the passive job (β = −9.11, p = 0.05) groups
had lower PDI scores than the reference group. However,
such difference was not observed in girls.
MDI and PDI were also converted to dichotomous vari-
ables to understand the association between maternal job
Table 1 Mean and standard deviation of neurodevelopment indices by infant age and participants’ characteristics
(n = 343)a
Characteristic n (%) or
mean ± SDb
6 months (n = 306) 12 months (n = 252)
MDI P-value PDI P-value MDI P-value PDI P-value
Total 98.0 ± 10.9 97.0 ± 13.9 101.3 ± 15.9 94.6 ± 16.2
Maternal age 30.1 ± 3.3
≤30 years 208 (60.6) 98.9 ± 11.7 0.10 98.1 ± 14.1 0.08 100.5 ± 15.8 0.34 94.5 ± 15.5 0.89
>30 years 135 (39.4) 96.7 ± 9.3 95.2 ± 13.4 102.5 ± 16.1 94.8 ± 17.2
Maternal education
≤ High school 58 (16.9) 98.0 ± 11.0 1.00 98.5 ± 13.4 0.39 100.5 ± 14.0 0.75 95.0 ± 18.5 0.88
≥ University 285 (83.1) 98.0 ± 11.0 96.7 ± 13.9 101.4 ± 16.3 94.6 ± 15.7
Monthly family
income
< $2,000 41 (12.0) 98.7 ± 9.2 0.78 98.7 ± 14.7 0.45 97.2 ± 17.4 0.10 96.0 ± 18.8 0.61
$2,000-$4,000 165 (48.1) 98.3 ± 11.9 97.5 ± 14.1 100.5 ± 15.2 93.7 ± 16.3
> $4,000 137 (39.9) 97.5 ± 10.0 95.8 ± 13.2 103.7 ± 16.2 95.4 ± 15.1
Sex
Male 175 (51.0) 97.0 ± 10.9 0.09 94.6 ± 14.4 0.002 99.7 ± 16.5 0.11 93.4 ± 16.6 0.22
Female 168 (49.0) 99.1 ± 10.9 99.5 ± 12.9 102.9 ± 15.1 95.9 ± 15.6




MDI: Mental Development Index, PDI: Psychomotor Development Index.
aTotal number of mother-child pairs that underwent JCQ during pregnancy for a mother and K-BSID-II at 6 or 12 months of age for a child.
bValues were numbers and percentages for categorical variables and means ± SDs for continuous variables.
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gression model. No significant association was found in
the model (Table 6). Because no significant interaction
was found by infants’ sex in this model and the small
number of prevalence in infant developmental delay by
gender might lower the statistical power, further stratifica-
tion by gender was not performed in the logistic regres-
sion analysis.
Discussion
In the current study, we examined the relationship be-
tween maternal job strain during pregnancy and infant
neurodevelopment at 6 and 12 months. In boys at
12 months, high job strain during pregnancy was found
to have lower cognitive development (MDI) and psycho-
motor development (PDI). However, the association of
job strain during pregnancy with MDI was opposite in
girls at 12 months. Compared to girls from mothers in
the low strain group, girls from mothers in the high
strain group showed higher MDI scores at 12 months.
Furthermore, we found lower PDI in passive and active
job group among both boys and girls at 6 months com-
pared to children in the low strain group. The differ-
ences of MDI and PDI among the four groups were
within the normal range of infant development (≥85).No significant differences of developmental delay were
found among the four groups.
Previous studies regarding the effect of work related
stress during pregnancy primarily examined adverse
birth outcomes, such as preterm delivery and low birth
weight [6,8,36]. To the best of our knowledge, the rela-
tionship between maternal job stress during pregnancy
and infant neurodevelopment has not been previously
studied. Outside of work stressor, some researchers have
described an association between prenatal psychological
stress and neurodevelopment in early childhood. A Bel-
gian cohort study has suggested that maternal anxiety is
correlated with fetal behavior, which might influence
neonatal and infant behavior [37]. Another study con-
ducted in the Netherlands revealed a significant negative
association between maternal anxiety and MDI at age 2
but no association at age 1 [38]. In another study, chil-
dren of women who experienced major storm during
pregnancy had lower MDI scores at age 2 [25]. After
examining the effect of maternal stress and cortisol
levels during pregnancy on infant neurodevelopment at
3 and 8 months, negative associations between maternal
stress and infant MDI/PDI at 8 months and between
maternal cortisol levels and infant MDI/PDI at 3 months
were found [24].
Table 2 Distribution of JCQ indices by participants’ characteristics
Characteristic Decision latitude (Job control)a Psychological job demands (Job demand)a Physical job demandb
Total Total Total
Low (n(%)) High (n(%)) Low (n(%)) High (n(%)) Low (n(%)) High (n(%))
Number of participants 158 (46.1) 185 (53.9) 154 (44.9) 189 (55.1) 217 (63.3) 126 (36.7)
Maternal agec 29.4 ± 3.1 30.7 ± 3.4 30.0 ± 3.4 30.2 ± 3.3 30.2 ± 3.2 29.9 ± 3.6
P-value <0.001 0.52 0.40
≤30 years 106 (67.1) 102 (55.1) 90 (58.4) 118 (62.4) 126 (58.1) 82 (65.1)
>30 years 52 (32.9) 83 (44.9) 64 (41.6) 71 (37.6) 91 (41.9) 44 (34.9)
P-value 0.02 0.45 0.20
Maternal Education
≤ High school 33 (20.9) 25 (13.5) 28 (18.2) 30 (15.9) 33 (15.2) 25 (19.8)
≥ University 125 (79.1) 160 (86.5) 126 (81.8) 159 (84.1) 184 (84.8) 101 (80.2)
P-value 0.07 0.57 0.27
Monthly family income
< $2,000 22 (13.9) 19 (10.3) 20 (13.0) 21 (11.1) 26 (12.0) 15 (11.9)
$2,000-$4,000 90 (60.0) 75 (40.5) 81 (52.6) 84 (44.4) 106 (48.9) 59 (46.8)
< $4,000 46 (29.1) 91 (49.2) 53 (34.4) 84 (44.4) 85 (39.2) 52 (41.3)
P-value <0.001 0.17 0.92
Sex
Male 74 (46.8) 101 (54.6) 75 (48.7) 100 (52.9) 112 (51.6) 63 (50.0)
Female 84 (53.2) 84 (45.4) 79 (51.3) 89 (47.1) 105 (48.4) 63 (50.0)
P-value 0.15 0.44 0.77
Birth Weight (kg)c 3.28 ± 0.34 3.37 ± 0.35 3.33 ± 0.35 3.32 ± 0.35 3.36 ± 0.36 3.27 ± 0.32
P-value 0.02 0.82 0.03
Gestational age (weeks)c 39.1 ± 1.0 39.2 ± 1.1 39.3 ± 1.0 39.1 ± 1.1 39.2 ± 1.0 39.0 ± 1.1
P-value 0.67 0.23 0.07
aBased on Job Control and Job Demand scores of JCQ – low: < 50th percentile, high: ≥ 50th percentile.
bLow: mothers who answered ‘strongly disagree’ or ‘disagree’ to the statement ‘my job requires lots of physical effort’.
High: mothers who answered ‘agree’ or ‘strongly agree’ in the same statement.
cValues were means ± SDs for continuous variables.
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is one of the most explained mechanisms with respect to
the association between prenatal maternal stress and
child outcomes [39]. The level of cortisol, the end product
of this axis, changes with maternal stress. In addition, cor-
tisol can cross the placental barrier and affect fetal devel-
opment. Maternal stress might also alter the regulation of
11β-HSD2 in the placenta, which controls fetal exposure
to cortisol by converting active cortisol into inactive corti-
sone [40,41]. Although the HPA axis model is usually used
to explain the association, available evidence is not con-
vincing. Other alternative mechanisms involving the auto-
nomic nervous system (ANS) and uterine blood flow have
been suggested. Stress can induce fetal sympathetic ner-
vous system activity and alter ANS balance [42]. Increased
adrenal hormone levels induced by stress can cause vaso-
constriction in the uterus and hypoxic fetal condition [43].
However, maternal distress during pregnancy has not
always been related to negative impact on children’sneurodevelopment. In one study that assessed maternal
distress during mid-pregnancy, it was found that higher
levels of prenatal anxiety, nonspecific stress, and depres-
sive symptoms strengthened motor development at age
2 [1]. Anxiety and depression were also found to have
positive effects on infant mental development in that
study. Several authors reported that mild prenatal stress
related to intrauterine conditions such as hypoxia and
maternal hypertension improved the growth and devel-
opment of offsprings [44-46]. Such fetal physiological ad-
aptations could explain the contrary associations found in
studies. Whether the levels of stress will have positive
effects on offspring development remains controversial
[1]. One study suggested that the impact of stressors
during pregnancy on infant development might depend
on the timing of exposure [23]. They found that a high
MDI at age 1 was associated with not only a low level
of maternal cortisol during early pregnancy but also
with a high level of maternal cortisol at the end of
Table 3 Association between maternal JCQ scores during pregnancy and infant neurodevelopment at 6 and 12 monthsa
6 months of age 12 months of age
MDI PDI MDI PDI
JCQb Total Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls
Β SE β SE β SE β SE β SE β SE β SE β SE β SE β SE β SE β SE
Skill Discretion 0.09 0.13 0.11 0.17 0.002 0.19 0.07 0.16 0.11 0.23 −0.02 0.22 0.12 0.21 −0.05 0.30 0.31 0.30 0.17 0.21 0.16 0.30 0.21 0.32
P value 0.50 0.53 0.99 0.66 0.62 0.94 0.56 0.88 0.30 0.43 0.59 0.50
Decision Authority −0.04 0.10 −0.14 0.14 0.03 0.14 0.007 0.12 0.06 0.19 −0.05 0.16 0.03 0.15 −0.11 0.24 0.13 0.19 0.10 0.16 0.10 0.25 0.12 0.20
P value 0.66 0.32 0.83 0.95 0.74 0.75 0.83 0.65 0.49 0.52 0.69 0.56
Decision Latitude 0.005 0.07 −0.03 0.10 0.02 0.10 0.02 0.09 0.06 0.13 −0.03 0.11 0.05 0.11 −0.06 0.16 0.15 0.14 0.10 0.11 0.09 0.17 0.12 0.15
P value 0.95 0.75 0.87 0.78 0.61 0.79 0.65 0.70 0.31 0.38 0.57 0.45
Psychological Demands 0.07 0.13 −0.19 0.18 0.32 0.18 −0.02 0.16 −0.13 0.24 0.06 0.21 0.06 0.21 −0.38 0.31 0.39 0.27 0.02 0.21 −0.09 0.32 0.09 0.29
P value 0.56 0.29 0.08 0.89 0.59 0.77 0.77 0.23 0.16 0.93 0.78 0.76
Physical Demands 0.001 0.75 −0.58 1.08 0.71 1.05 0.32 0.93 1.14 1.78 1.97 1.69 1.69 1.22 0.75 1.41 0.20 1.21 −0.12 1.27 0.26 1.81 −0.72 1.82
P value 1.00 0.59 0.50 0.73 0.52 0.25 0.17 0.60 0.87 0.92 0.89 0.69
aMultiple regression model was adjusted for sex, birth weight, maternal age, gestational age, maternal education, and family income.
















Table 4 Association between maternal job strain during pregnancy and infant MDI stratified by sexa
Time Group MDI
Total Boys Girls
N Meanb β SE P value N Meanb β SE P value N Meanb β SE P value
6 months of age High strain 77 99.6 0.79 1.79 0.66 35 98.4 −0.31 2.68 0.91 42 101.1 2.14 2.47 0.39
Active jobs 90 97.6 −1.25 1.71 0.47 54 95.9 −2.85 2.34 0.23 36 99.5 0.61 2.55 0.81
Passive jobs 64 96.1 −2.76 1.91 0.15 30 96.5 −2.16 2.78 0.44 34 95.8 −3.10 2.67 0.25
Low strainc 75 98.8 Ref. - - 38 98.7 Ref. - - 37 98.9 Ref. - -
12 months of age High strain 66 99.9 −0.16 2.94 0.96 35 96.4 −9.46 4.43 0.03 31 102.5 8.25 3.88 0.04
Active jobs 71 100.6 0.51 2.86 0.86 41 98.6 −7.30 4.08 0.08 30 103.0 8.74 3.94 0.03
Passive jobs 60 100.5 0.47 3.02 0.88 27 101.9 −3.98 4.61 0.39 33 99.8 5.56 3.86 0.15
Low strainc 55 100.1 Ref. - - 28 105.8 Ref. - - 27 94.2 Ref. - -
aThe general linear model was used to find the association adjusted for sex, birth weight, maternal age, gestational age, maternal education, and family income.
bAdjusted means for sex, birth weight, maternal age, gestational age, maternal education, and family income.
cReference group (Ref.).
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might bring different outcomes to children’s neurode-
velopment depending on the timing of exposure during
gestation, duration of the stress, features and strength
of the stress, and other unknown factors.
The main difference between those studies and the
present study is the measured stress indicator. High level
of anxiety and depression or experience of stressful life
events may reflect severe stress. Different aspect of
stress from high strain at work defined by a combination
of high job demands with low control over work might
affect the result [17]. Therefore, job strain should be
considered as a specific part of stressors. More studies
related to maternal job strain during pregnancy will be
needed to understand whether the findings are consist-
ent with the present study. Additionally, because those
epidemiological studies did not show relevant results re-
garding gender difference on infant neurodevelopment,
it is difficult to directly compare their results with the
present study.Table 5 Association between maternal job strain during preg
Time Group PDI
Total Bo
N Meanb β SE P value N
6 months of age High strain 77 99.9 −2.12 2.17 0.33 35
Active jobs 90 95.3 −6.72 2.08 0.001 54
Passive jobs 64 94.2 −7.86 2.32 <0.001 30
Low strainc 75 102.0 Ref. - - 38
12 months of age High strain 66 93.6 −4.16 3.00 0.17 35
Active jobs 71 96.9 −0.80 2.93 0.79 41
Passive jobs 60 93.2 −4.51 3.09 0.15 27
Low strainc 55 97.7 Ref. - - 28
aThe general linear model was used to find the association adjusted for sex, birth w
bAdjusted means for sex, birth weight, maternal age, gestational age, maternal edu
cReference group (Ref.).In the present study, different effect of gender on infant
cognitive and psychomotor development at 12 months of
age was found. High job strain during pregnancy had a
negative impact on MDI and PDI among boys at 12 months.
However, in girls, high job strain was associated with an in-
crease of MDI without significant difference of PDI at
12 months. Regarding sex-specific response to prenatal
stress, there have been accumulating evidences regarding
sex-specific effect. It was found that males were generally
more sensitive to stress and maternal corticosteroids in
uterus [47-50]. Although the biological mechanism remains
unclear, sex-differences in glucocorticoid and mineralocor-
ticoid receptors during brain development accounting for
the fetal vulnerability have been found in males after fetal
exposure to glucocorticoid [49].
The influence of gender on the relation between ma-
ternal stress and cognitive development in early child-
hood has rarely been mentioned in human studies.
However, an animal study demonstrated the susceptibil-
ity of cognitive development to stress during pregnancynancy and infant PDI stratified by sex a
ys Girls
Meanb β SE P value N Meanb β SE P value
97.1 −4.94 3.40 0.15 42 102.3 0.20 2.79 0.94
94.5 −7.53 2.98 0.01 36 96.1 −6.01 2.88 0.04
92.5 −9.48 3.53 0.008 34 95. 9 −6.23 3.02 0.04
102.0 Ref. - - 37 102.1 Ref. - -
91.4 −9.18 4.49 0.04 31 94.3 −0.45 4.24 0.92
96.2 −4.37 4.13 0.29 30 97.8 3.04 4.30 0.48
91.5 −9.11 4.68 0.05 33 94.7 −0.02 4.22 1.00
100.6 Ref. - - 27 94.7 Ref. - -
eight, maternal age, gestational age, maternal education, and family income.
cation, and family income.
Table 6 Association between maternal job strain during pregnancy and neurodevelopment delay in infantsa
MDIb PDIb
Time Group Nc(%) OR LCId UCId Nc(%) OR LCId UCId
6 months of age High strain 7/77(9.1%) 1.288 0.403 4.115 8/77(10.4%) 1.049 0.362 3.037
Active jobs 11/90(12.2%) 1.506 0.521 4.352 20/90(22.2%) 2.383 0.968 5.867
Passive jobs 11/64(17.2%) 2.562 0.852 7.707 13/64(20.3%) 2.643 0.973 7.178
Low straine 6/75(8.0%) Ref. - - 8/75(10.7%) Ref. - -
12 months of age High strain 10/66(15.2%) 1.125 0.378 3.347 22/66(33.3%) 2.176 0.904 5.237
Active jobs 6/71(8.5%) 0.569 0.175 1.844 20/71(28.2%) 1.705 0.714 4.068
Passive jobs 8/60(13.3%) 1.077 0.345 3.365 20/60(33.3%) 2.406 0.980 5.908
Low straine 7/55(12.7%) Ref. - - 10/55(18.2%) Ref. - -
aLogistic regression model was used to find the association adjusted for sex, birth weight, maternal age, gestational age, maternal education, and family income.
bMDI and PDI were treated as dichotomous variables, classified as at-risk/delayed (<85) or normal/above normal (≥85).
cThe number of children with MDI or PDI score under 85/total number in each group.
d95% lower confidence interval (LCI) and upper confidence interval (UCI).
eReference group (Ref.).
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strategies [51]. In other studies, while prenatal stress
lowered the ability to learn in male offspring, the same
stress did not affect female offspring. It even increased
their learning performance [52-54], which is in consist-
ent with our result. Gonadal hormones have been sug-
gested to contribute to the observed differences. It has
been suggested that prenatal stress might masculinize
the female brain and help improve performance using a
male-like cued strategy [51,55]. More epidemiologic
studies are needed to determine whether such gender-
dependent responses relevant to our results are consist-
ently found in children.
Among four quadrants in the job-strain model, high
strain was represented as the most stressful aspects at
work condition. It would have the greatest impact on in-
fants’ neurodevelopment. Unexpectedly, lower PDI in
passive and active job group was found in both boys and
girls at 6 months compared to children in the low strain
group. However, they were not significantly different
from the high strain group. Because the same results
were not continuously shown in the results at 12 months,
one considerable reason might be the effect of postnatal
confounders at that period such as breast-feeding or a
different type of fosterers. Small sample size might be
another reason.
The strength of this study was that infant neurodevelop-
ment tests were performed prospectively by trained raters.
Thus, the prospective design might have protected against
recall bias about maternal job strain during pregnancy. In
addition, the study identified a sex-specific effect of mater-
nal stress on child development, which has rarely been
demonstrated in epidemiologic studies. Furthermore, this
is the first study to evaluate the association between pre-
natal maternal job strain and infant neurodevelopment.
Previous studies have mostly addressed the effect of job
stress during pregnancy on birth outcomes [3,6].On the other hand, the study has several limitations.
First, the maternal job strain was assessed only once after
enrollment, mostly in early or mid-pregnancy (before
20 weeks of pregnancy). It was not repeatedly evaluated
during pregnancy or post-natal, although the exposure at
different gestational weeks during pregnancy might affect
fetal development in a different manner. Therefore, we
could not adjust for the effect of the job environment dur-
ing late pregnancy or the postnatal period to understand
the sensitive time window of maternal job strain during
the pregnancy period on infant neurodevelopment. Fur-
thermore, considerable confounders - parity and breast-
feeding - which might affect children’s neurodevelopment
were not analyzed because of many missing values. An-
other study limitation is that the correlation between the
maternal cortisol levels and job strain was not investi-
gated, although this correlation has not always been found
by others [3,23,56]. Moreover, job strain is a factor that re-
flects job distress in each working condition. However, it
does not represent the mother’s non-occupational or gen-
eral psychosocial distress. Further studies on possible ef-
fects of other stress factors such as life events on
outcomes or on correlations between the stressors will
help us understand better the association between job
strain during pregnancy and children’s neurodevelopment.
In addition, the subjects in this study were limited to
women who had been working during their pregnancy and
their characteristics might be different from pregnant
women in the general population. Therefore, the associ-
ation of prenatal job strain should not be understood as a
general manner of prenatal stress. In addition, subjects’ job
characteristics were not considered in the model, although
they might influence the job stress level and the results. In
this study, we used JCQ to understand job-related distress
in different work settings in a general manner [57]. The
sample size was relatively small compared to previous
studies [58]. This might have lowered the statistical power.
Kim et al. Annals of Occupational and Environmental Medicine  (2015) 27:8 Page 9 of 10Conclusion
This study indicates that occupational stress at work
during pregnancy probably might affect infant neurode-
velopment. It shows that prenatal job strain has gender-
associated effects on infant neurodevelopment and that
boys might be more susceptible to prenatal psychosocial
stress than girls. Further follow-up evaluation is needed
in order to investigate the effect of prenatal job strain on
older children.
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